Abstract
dichloromethane on a diol stationary phase or in reversed-phase using mixture of water with 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The extract used for the development of the analysis method was obtained by pressurized 134 liquid extraction (PLE) using the apparatus shown in Figure 2 . Approximately 10 grams of P.
135
glomerata roots with particles of 8 µm of diameter was placed in the 415 mL extraction cell. The 136 empty space of the cell was filled with a Teflon column. The cell containing the sample was 137 heated by a jacket connected to a thermostatic bath, which was set to the extraction temperature 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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UV spectra of separated compounds with the authentic standard. Quantification was carried out 169 by integration of the peak areas at 246 nm using the external standardization method. The 
189
Using pure acetonitrile, the system pressure was 35.6% lower than when using pure methanol
190
(1.2 mL min -1 and 25 ºC). A similar difference in pressure (33.2%) was also obtained by mixing 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Analytical Methods Accepted Manuscript (0.1% acetic acid) (solvent A) and acidified acetonitrile (0.1% acetic acid) (solvent B). Higher 199 amounts of acetic acid in the solvents generated a loss of resolution of chromatographic peaks.
200
It was observed that increasing temperature of the column the pressure generated was and a lower mass transfer resistance. However, it is also important not to exceed the column 213 maximum operating temperature (60 ºC) since it may significantly reduce expected column life.
214
Therefore 55 ºC was selected as the maximum working temperature. Based on these principles 215 and limitations, column temperature was gradually increased from 30 to 55 ºC, in 5 ºC intervals.
216
Increasing column temperature to 35, 40, 45, 50 and 55 ºC resulted in a mean reduction of 217 retention time of analytes. It was also observed that by increasing the temperature of the column 218 produced a narrowing of the peak width, increased peak height and better resolution in the 219 separation of β-ecdysone.
220
Once optimum temperature was selected, the reduced column backpressure allowed 221 exploring flow rate in order to shorten analysis time. Consequently, flow rate was step-by-step 222 increased from 1.0 to 2.0 mL min -1 . Maximum flow rate was determined by the system 223 pressure's limitation, which was 5000 psi. As flow rate was increased, a proportional reduction 224 of the gradient was applied in order to maintain separation of two peaks. For example, if flow 225 rate was doubled, the gradient time was reduced to half while maintaining the same percentage 226 of solvents of the mobile phase. It was observed that by increasing the flow rate, the analysis 227 time is shortened and the peak width is reduced maintaining an optimum separation of the two respectively. Although the use of very short re-equilibration times variability was within the 252 normal range, a slight higher reproducibility for the analysis of β-ecdysone was observed by 253 using equilibration times higher than 2 min, and therefore 2 minutes can be considered as the 254 most appropriate re-equilibration time in order to achieve the highest possible reproducibility 255 while not over extending total run time. This equilibration time is equivalent to 9.3 times the 256 column´s volume and slightly lower than recommended. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
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To sum up, the gradient was optimized for the separation at 55 ºC, a flow rate of 2.0 mL 
Characteristics of the method

268
A representative chromatogram of the methanolic extract is presented in Figure 3 and the 269 chromatographic properties of the developed method are reported in Table 1 . By applying the 
276
In the case of the critical pair of peaks a near base-line separation was achieved, also a good 277 separation between β-ecdysone and the preceding peak. The width of peaks, k prime, selectivity 278 and symmetry factors were also calculated and are shown in Table 1 . Symmetry Factor of the 
284
The repeatability and reproducibility of the developed method was studied in relation to were studied.
299
The robustness for chromatographic resolution, concentration, width of the peak, K 300 prime, selectivity, symmetry factor and also peak retention time for β-ecdysone and the 301 unidentified peaks eluting before (unidentified peak #1) and after β -ecdysone (unidentified peak 302 # 2) was established (Table 2) . These parameters were calculated by Empower 3 software. The 303 volume of extract injected was 10 µL. Each analysis was performed in triplicate.
304
Regarding peak resolution, the developed method showed that a lower concentration of 305 the sample improved the separation between β-ecdysone and the unidentified peak. It was further
306
verified that a lower concentration of the sample did not affect the reproducibility of the method.
307
It was also confirmed that the sample dilution did not significantly affect the retention time,
308
width of the peaks, K prime, selectivity and symmetry factor of the tree peaks studied. Finally, it 309 should say that ideally the sample should be with a concentration below 100 mg L -1 .
310
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The solvents used in the extractions were mixtures of methanol, ethanol and acetonitrile 317 and water [80-100% of organic solvent and 0-20% of water (v/v)]The extracts obtained with 318 each solvent were analyzed using the chromatographic method developed to test whether the 319 extraction solvent affects the chromatographic separation of the peaks studied. The studied 320 parameters were the retention time, the amount of β-ecdysone extracted, the RSD of the amount 321 of β-ecdysone extracted, width of the peaks, K prime, selectivity, resolution and symmetry factor 322 for the chromatographic peaks studied. The obtained results for each solvent are shown in Table   323 3. Table 3 shows huge differences between different solvents. However, there was no significant 324 difference (p< 0.05) between some of the factors while others were heavily influenced depending 325 of the solvent. It is noteworthy that the most important aspect is the separation (i.e. resolution) of 326 b-ecdysone from the unidentified peak #2) and clearly methanol is the best solvent. There were 327 small differences between pure methanol and mixtures with water (10-20%) but these small 328 when compared to the differences to the other solvents and therefore it is safe to assume that any 329 of these solvents are adequate to be used in the analysis of b-ecdysone. This observation was 330 inserted in the text. On the other hand, as can be observed in Table 3 , methanol (100, 90 and 331 80%) was also the best solvent for the extraction of β-ecdysone and to dissolve the sample. High 332 concentrations of ethanol (100, 90 and 80%) significantly affected the peak shape and therefore, 333 such a high concentrations of ethanol should be avoided. In that case, higher amounts of water 334 reduced this effect, but the chromatographic peaks had a lower resolution than methanol (100, 90 335 and 80%). Acetonitrile (100, 90 and 80%) is not a good solvent choice for the extraction. When 336 acetonitrile is used as the extraction solvent, the sample should be preferably evaporated and re-337 dissolved in 80% methanol. Table 3 shows that the extractions with methanol (90 and 80%) 338 produced higher extraction yields, lower RSD of the amount of β-ecdysone extracted, smaller 339 peak widths and best resolution for the chromatographic peaks. This effect was more pronounced 340 when methanol 80% was used as the extraction solvent.
341
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Comparison with other methods
347
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